Objective: To determine the role of social comparison for body dissatisfaction in bulimia nervosa (BN). Previous research suggested that exposure to media content idealizing thin body shape decreases body satisfaction, particularly in women with eating disorder symptoms. This might be due to the negative outcome of social comparisons with media models, and women with eating disorders might be particularly susceptible because they engage in upward social comparison more frequently than women without these symptoms. However, no study has yet explored both upward (i.e., toward more attractive others) and downward (i.e., toward less attractive others) social comparisons and their impact on body dissatisfaction in a clinical eating disorder and healthy controls. Methods: We presented patients with BN (n ϭ 20) and healthy controls (HC) (n ϭ 22) with slides comprising a digitized image of their own body alongside comparison bodies with higher and lower body mass indices (BMIs) while measuring their eye movements. Results: As hypothesized, patients with BN fixated longer on comparison bodies with lower BMIs than controls, with the reverse pattern for high BMI bodies. This gaze pattern suggests that upward comparisons were more prevalent in the BN group. Furthermore, upward comparisons were related to a drop in body satisfaction in the BN group. Conclusions: Disadvantageous social comparison strategies might be related to body dissatisfaction and therefore to the maintenance of BN.
INTRODUCTION

B
ody image dissatisfaction has received the greatest empirical support as a precursor to eating disturbances (1) (2) (3) and is widespread among women in Western societies (4, 5) . According to sociocultural theory, current societal standards for beauty propagate a thin ideal that many women are unable to achieve (2) . Research has started to explore how this hardly attainable but nevertheless idealized thin ideal is transmitted and internalized. Numerous studies have investigated the impact of the thin ideal in the mass media on body dissatisfaction, using correlational and experimental designs (6) . Results consistently find a positive correlation between media exposure and body dissatisfaction, but the exact mediation and direction of causality are not yet fully understood. Moreover, although the pervasiveness of the media means that almost all women are confronted with idealized thin beauty images, only a minority develop clinically relevant body shape and eating concerns. Given this, certain mechanisms may be involved in the translation of norms promoted by the media into individual body dissatisfaction which represents an important aspect of eating disorder symptomatology.
Among a number of potential mediating mechanisms, social comparison seems to play a pivotal role linking media consumption and body dissatisfaction (6 -8) and individuals with eating disorder symptoms engage in more frequent and more disadvantageous social comparisons than asymptomatic controls (9 -11) . Social comparison theory postulates a need for self-evaluation, which, in the absence of absolute comparison norms, can best be satisfied by a comparison to relevant others. Upward comparisons are comparisons to superior peers and are thought to be adopted when self-improvement is intended. Failure in self-improvement, however, can threaten self-esteem. Downward comparisons, by contrast, are thought to serve the protection of self-worth (12) . Stable interindividual differences in the tendency to engage in social comparisons have been found (13) . However, social comparison can also be triggered by certain experimental situations or instructions (8) .
Social comparison research related to body satisfaction has thus far utilized mostly media images or videos of thin models. This focus has three limitations. First, because models in the media are almost always slimmer and perceived as more attractive than oneself, social comparisons with these models are necessarily upward and therefore potentially deleterious for self-esteem and body satisfaction. The possibly advantageous effects of downward comparisons (i.e., to less attractive others) remained unexplored in previous research. Second, the social environment contains not only highly idealized media images, but a range of possible targets for social comparisons. Thus, in everyday life, individuals have a choice of whom to compare themselves with. This fact is not reflected in previous studies, using standardized exposure to media models. Third, and related to this, social comparisons are more likely to be made to relevant others, that is, individuals perceived to belong to the same category like oneself (14) . Thus, popular media models are probably less relevant for social comparisons than peers (9, 15) .
A further limitation of previous research is the reliance on self-report measures, which are characterized by several wellknown problems. To remedy this, we used eye-movement registration as our main dependent variable. Eye movements closely follow shifts in visual attention (16) . Although in principle under voluntary control, eye movements are typically not monitored explicitly (17) and may thus yield valuable insights into more implicit social comparison strategies than accessible by subjective report. Studies using this meth-odology indicate that body dissatisfaction is closely related to visual gaze patterns on the own body and on comparison bodies (18, Blechert, Ansorge, Tuschen-Caffier, submitted).
To extend and clarify previous research, the present study investigated whether the selection of a comparison strategy (upward focus on more attractive others versus downward focus on less attractive others) differentiates patients with bulimia nervosa (BN) and healthy controls (HC), and whether it is a significant determinant of body dissatisfaction. Furthermore, because peers are possibly more relevant for social comparisons than media models, we used standardized pictures of headless bodies of unselected women as comparison targets. Participants viewed slides comprising the participants' own body in the middle flanked by two comparison bodies with higher and lower body mass indices (BMIs) (ratio of weight to squared height in kg/m 2 ) on the left and right sides. Bias toward upward or downward comparisons was inferred from viewing times of the bodies with higher/lower BMI, as measured by continuous eye movement registration. We expected BN patients to engage in more upward comparison, that is, longer fixation times for bodies with lower BMIs, compared with controls. Furthermore, body satisfaction, measured before and after picture viewing, was expected to decrease in the BN group but not in the control group.
METHODS Participants
The study sample consisted of 20 women diagnosed with BN and 22 women with noneating disorders for the healthy control group (HC). Ethical approval for the conduct of this study was granted by the German Psychological Society's ethics committee. Participants took part in exchange of a remuneration of €50 and were recruited from the community through newspaper announcements, the department's Web site, and from collaborating clinics. All participants had normal or corrected-to-normal vision.
Exclusion criteria for all participants were schizophrenia spectrum disorders, bipolar disorder, substance abuse or dependence, or neurological disorders. Exclusion criteria for HC participants included a lifetime diagnosis of any mental disorder according to the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV). The German versions of the Eating Disorder Examination (EDE) (19) and the Structured Clinical Interview for DSM-IV (20) were used for the diagnosis of BN and all other psychiatric diagnoses, respectively. The following comorbid disorders were found in the BN group: major depression (6), borderline personality disorder (2), posttraumatic stress disorder (1), and social phobia (1) . The data collection period extended from October 2007 to December 2008.
Psychometric Measures
Eating disorder psychopathology and body image disturbance were assessed with the German versions of the Eating Disorder Examination-Questionnaire (21), the Body Image Avoidance Questionnaire (22) , and the Body Checking Questionnaires (23) . Habitual frequency of social comparisons were assessed with the German version of the Physical Appearance Comparison Scale (24) . An example item of the Physical Appearance Comparison Scale is "At parties or other social events, I compare my physical appearance to the physical appearance of others." The Rosenberg Self-Esteem Scale (25) measured self-esteem. Good internal consistency and test-retest reliability have been demonstrated for all of these scales (21) (22) (23) (24) (25) .
Body dissatisfaction was measured before and after the picture viewing, using the Body Image State Scale, BISS (26, 27) . Using six items, this scale assesses various aspects of body image, such as dissatisfaction with one's overall physical appearance, size, shape and weight, feelings of physical unattractiveness, concerns about how one looks at the present moment relative to how one usually looks, and evaluation of one's own appearance relative to how the average person looks. The BISS has proven to be acceptably internally consistent in multiple contexts (Cronbach's ␣ ϭ 0.77-0.90) and moderately stable (test-retest reliability after 2-3 weeks: 0.69; 26).
As indicated in Table 1 , groups did not differ in age, but patients with BN had lower education and higher BMI. Thus, BMI was included as a covariate in all analyses. Preliminary analyses indicated that education as a covariate was not significant in any analysis, all F values Ͻ1.00. As could be expected, patients with BN had higher eating disorder psychopathology as indicated by the subscales of the Eating Disorder Examination-Questionnaire, Body Image Avoidance Questionnaire, and Body Checking Questionnaires scales, compared with HC. Further, patients with BN had lower self-esteem and engaged more frequently in social comparison.
Materials and Procedure
After a telephone screening, eligible participants were invited to a diagnostic session during which the Eating Disorder Examination and Structured Clinical Interview for DSM-IV interviews were conducted and the photographs were taken. They were asked to put on a beige leotard and to stand in front of a black background. Digital pictures were taken by a female experimenter from the front, side, and back views, excluding the head. Thereafter, the participant's weight, height, waist and hip circumference were determined and BMI was calculated.
Three comparison bodies with higher BMIs (participant's BMI ϩ2 to ϩ4 BMI points) and three comparison bodies with lower BMIs (participant's BMI Ϫ2 to Ϫ4 BMI points) were located 8.5°of visual angle left and right of the participant's body in one compound slide. Body pictures were gray scale and matched in size, brightness, and contrast. Each of six comparison bodies appeared once on the left and once on the right side from each view (front, side, back). Thus, 36 pictures were generated (6 comparison bodies ϫ 2 sides ϫ 3 perspectives).
Participants returned for the experimental session approximately 1 wk later. Participants first completed the BISS questionnaire. Then, after the fitting of the eye-tracking gear and a 10-min peripheral cueing procedure which involved repeated presentations of their own picture (Blechert, Ansorge, Tuschen-Caffier, submitted), the present investigation commenced Bulimia N ϭ bulimia nervosa; EDE-Q ϭ Eating Disorder Examination Questionnaire.
with written instructions: "In the following pictures you will see yourself in the middle and several other persons to your left and right hand side. Just look at the pictures, you will be asked to evaluate them later." Each picture was shown for 6 seconds, followed by a 1.5-second intertrial interval during which a fixation cross was displayed on which participants were to direct their gaze.
No button presses or other responses were required. Three practice trials preceded the 36 experimental trials. Subsequent to the picture viewing, participants rated their own body and the six comparison bodies. The bodies were presented on the screen in front, side, and back views along with a 20-point visual analog scale on which a slider could be moved from a zero midpoint by clicking the left or right mouse button. Ratings of attractiveness (anchors: "attractive" and "unattractive") and body shape (anchors: "thin" and "fat") were obtained for each body and view (7 bodies ϫ 3 views ϫ 2 scales). Then, the BISS questionnaire was applied a second time.
Apparatus, Data Acquisition, and Data Reduction
Testing took place in a sound-attenuated windowless chamber partitioned into a testing and an experimenter room. The experimenter could communicate with participants by intercom and observe them through an unobtrusive video camera. One Pentium 3 PC ran Presentation (Neurobehavioral Systems, Albany, California), which controlled the picture presentation and communicated with a second PC controlling the table-mounted, height-adjustable 240-Hz Eyelink eyetracker (Sensomotoric Instruments, Berlin, Germany). Picture presentation and real-time eye movements were mirrored by two monitors in the experimenter room, allowing for a careful monitoring of the data quality and execution of procedures. Pictures were presented on a 17-inch monitor at 100 Hz at 80-cm viewing distance. A 5-point calibration procedure preceded the picture presentation.
Off-line, fixation time was calculated as the overall time gaze coordinates lay on either side of the composite slide (center Ϯ3.3°), separately for each side (left/right) and comparison body (high BMI side/low BMI side). We also analyzed saccade latency (calculated as the time of picture presentation to the first horizontal shift of Ͼ3.3°from the center) and the direction of the first saccade but found no group differences on these parameters. Blink times of blinks that occurred at the time fixation was on one of the comparison bodies were included into the respective fixation time while times of erroneous eye-tracking data were excluded. Preliminary analyses indicated no group differences in blink times or proportion of erroneous data. Furthermore, no group differences were found in fixation times with respect to sides (right, left) or body views (front, side, back). Thus, eye movement and rating data were collapsed across all 36 pictures. To obtain comprehensive scores, fixation times were converted into percentages: time_high BMI and time_ low BMI expressed fixation times on comparison bodies with higher/lower BMI as percentages of the total presentation time (6 s ϫ 36). As a control measure, time_self was calculated as total time Ϫ the sum of time_high BMI and time_low BMI . Time_self was analyzed separately because it contained data from several sources: 1) latency of the first saccade (participants fixated on the middle position during the intertrial interval); 2) saccadic shifts across the midline; and 3) periods of invalid eye tracking data. Further, the selfpicture cannot be directly compared with the lateral pictures because of different degrees of novelty: Whereas the lateral pictures varied (six different bodies), there was only one self-picture.
Statistical analysis was carried out with SPSS (Version 15; SPSS Inc., Chicago, Illinois). The ␣ level was set to 0.05. Effect sizes are reported (partial 2 , %). BMI differed across groups and was therefore included as a covariate in all analyses. All statistical tests were two-tailed.
RESULTS
Fixation Time
Two healthy participants had to be excluded from this analysis due to insufficient quality of the eye movement data. An initial 2 ϫ 3 ϫ 2 ϫ 2, Side (right, left) ϫ View (front, side, back) ϫ Body (high BMI, low BMI) ϫ Group (BN, HC) Figure 1) . Because time_self might be less reliable than time_high BMI and time_low BMI , it was analyzed separately. No Group differences were found for participants' own (Self) pictures, F Ͻ 1.00. Figure 2 displays verbal ratings for attractiveness (a) and body shape (b) for the participants' own body and the comparison bodies. Attractiveness ratings were subjected to an ANCOVA containing the between-subjects factor Group (BN, HC) and the within-subject factor Body (high BMI 
Picture Ratings
Changes on the Body Image State Scale (BISS)
To assess whether the exposure to comparison bodies influenced differentially body satisfaction, the BISS scores measured before and after picture viewing were analyzed. Preliminary analyses revealed strong group difference on the BISS before picture viewing (mean [M], SD [SD] in the BN and HC group: M ϭ 3.53, SD ϭ 1.70; M ϭ 6.72, SD ϭ 1.13, respectively. Following recommendations of Jamieson (28), simple change scores were computed (⌬BISS ϭ BISSprä Ϫ BISSpost) and submitted to a univariate ANCOVA containing Group (BN, HC) and BMI as covariate, after deletion of one outlier in the HC group (⌬BISS z score Ͼ3). A significant Group effect, F(1,38) ϭ 5.12, p ϭ .030, 2 ϭ 11.9% pointed to a decline of BISS scores in the BN group (adjusted mean-[mean adj ] ϭ 0.54, standard error ϭ 0.28) but an increase in the HC group (mean adj ϭ Ϫ0.27, standard error ϭ 0.27). The covariate BMI was not significant, F Ͻ 1.00.
Correlational Analysis
To determine whether fixation times for high and low BMI comparison bodies were related to attractiveness ratings, or body shape ratings, a bias score for fixation time was calculated (time_low BMI Ϫ time_high BMI ) and within-group correlations were computed. As indicated in Table 2 , correlations in the HC group were generally not significant. Within the BN group, the more attractive the BN patients rated the bodies with lower BMIs, the stronger their fixation bias toward them, whereas the opposite pattern emerged for the bodies with higher BMIs. Body shape ratings showed a similar pattern for bodies with higher BMIs. Thus, the bias toward bodies with low BMIs was related to the perceived attractiveness of these bodies, although this relationship was less reliable in the HC group. Correlations with ratings for the participants' own body indicated that the less attractive and the larger patients with BN perceived themselves, the more they displayed a bias toward bodies with lower BMIs.
DISCUSSION
To our knowledge, this is the first investigation of social comparison processes in bulimic patients and HC, using eyetracking methodology. We addressed several limitations of previous research: In our study, stimulus materials comprised peers instead of models, and allowed for both upward and downward comparisons. Importantly, assessment of fixation times circumvented the limitations of subjective report.
Whereas HC participants showed comparable fixation times for bodies with higher and lower BMIs, patients with BN showed a clear preference for pictures with lower BMIs. This selective attentional pattern can be interpreted as representing social comparison strategies: patients with BN engaged in more upward social comparison and less downward comparison than controls. Importantly, as hypothesized, this strategy seemed to affect their body satisfaction, measured before and after picture viewing: Body satisfaction decreased in patients with BN but increased in HC. Within-group correlations suggested that the preference for bodies with lower BMIs was related to the perceived attractiveness of these bodies in patients with BN whereas no such association was present in HC. Furthermore, dissatisfaction of BN patients with their own picture was related to their preference for upward comparisons. Finally, in line with previous research (9,10), the Physical Appearance Comparison Scale scores indicate a habitual tendency of patients with BN to engage in social comparisons more often than controls. How could the preference for upward social comparisons in the BN group be explained? The social comparison literature has related comparison strategies (up-or downward) to the underlying motives of self-enhancement and self-protection (12, 14) . Applied to our results, this would suggest that patients with BN seek self-enhancement by preferring upward comparisons. This is in contrast to the drop in body satisfaction in this group, and hence, an important aspect of self-evaluation. Furthermore, because the patients with BN also had lower self-esteem, this finding is in contrast with results of Wood and colleagues indicating that healthy individuals with low self-esteem are more likely to use downward comparisons with the motive of self-protection (12) . One could speculate that patients with BN, despite short-term reductions in body dissatisfaction (and hence, self-esteem), aim at long-term selfimprovement by orienting toward more attractive others. This would explain why they tend to set unachievably high goals in terms of weight loss. It has to be noted, however, that not only the desire for weight loss motivates dieting and disordered eating in BN, but also other factors like the desire to gain control over the own body.
An alternative explanation of why patients with BN favor disadvantageous upward social comparisons is offered by the information-processing theory of body image (29) . Accordingly, patients with eating disorders have easily accessible, negative self-schemata with respect to their body image, which guide information processing toward schema-consistent information. Upward social comparisons-confirming the eating disorder patients' own inferiority-would be consistent with a negative schema of the self. In line with this, submissive behaviors have been reported for patients with eating disorders (30) .
The current findings have implication for research on the mass media's effects on body dissatisfaction and eating disorder symptomatology. It is likely that social comparison strategies and other processes play important roles in linking media consumption to body dissatisfaction. In our study, patients with BN focused their attention on attractive others and probably compared themselves with them, even though they had the choice not to do so, and this was accompanied by a drop in body image satisfaction. This critical role of social comparison is supported by a recent study series by Trampe, Stapel, and Siero (9) showing that body-dissatisfied individuals make more disadvantageous comparisons by comparing themselves not only with relevant peers but also with professional models, whereas body-satisfied women only compare themselves with peers. Also, the results of Tiggemann and McGill suggested that the impact of media content on body satisfaction is mediated by the level of social comparison (8) . However, the reverse direction seems to work as well, as shown in Study 5 of the experiment series by Trampe and colleagues (9) . When body dissatisfaction was induced experimentally in healthy individuals, they made more disadvantageous comparisons. This line of thinking is relevant to the issue of self-esteem. Following this direction of causation, low self-esteem can trigger disadvantageous comparisons, challenging the notion that low self-esteem should activate the motive of self-protection, which can be accomplished by downward comparisons (12) . It has to be noted here that more recent conceptualizations of social comparisons indicate that current mood influences the direction of social comparisons. According to the affect-cognition priming model (31), unhappy people make upward comparisons because negative affect makes mood-congruent comparisons more accessible (32) . Thus, it is conceivable that the drop in body satisfaction in BN was accompanied by negative mood, thereby triggering upward social comparisons. More research is needed here and both longitudinal and experimental designs are necessary to establish the direction of causality between social comparison, mood, body dissatisfaction, self-esteem, and eating disorder symptoms.
Some limitations and methodological consideration should be noted, which are primarily related to our stimulus materials comprising a compound picture of the own body (in the center) and the two comparison bodies with higher and lower BMIs to its right and left side. This was done to assure that both comparison bodies compete for the perceiver's attention, which is probably similar to the everyday social environment, frequently comprising several potential comparison targets at a time. The inclusion of the self-picture further strongly prompted a comparison of those bodies with the self-picture and therefore most likely induced social comparison processes. However, this simultaneous presentation also brought about some limitations. First, upward and downward comparisons were necessarily inversely related (i.e., more viewing time spent on one side of the picture reduces the available time for the opposite side). An independent assessment of both upward and downward comparisons would require separate slides with higher or lower BMI bodies contrasted against the participants' own body.
As a second consequence of the use of compound pictures, attentional processes regarding the self-picture cannot clearly be separated from attention for the lateral comparison picture. Our procedure (involving initial fixations on the center and gaze shifts over the center) and calculation of the fixation time were not tailored to answer this question. Thus, the current finding that fixation times on the self-picture did not differ between groups should not be taken as evidence that biases regarding the own body do not exist in BN. Using different procedures, specific attentional biases have been found in BN (Blechert, Ansorge, Tuschen-Caffier, submitted) and individuals with bulimic symptoms (18) .
A third limitation results from the fact that we did not include neutral material. It is currently not entirely clear under what circumstances eye gaze is drawn toward negatively evaluated or positively evaluated body-related stimuli and evidence for both patterns has been presented (18, Blechert, Ansorge, Tuschen-Caffier, submitted, 33). This problem is typically circumvented by including neutral material in the procedure. Without neutral stimuli and with positive and negative material in one picture, it is not clear whether attention is drawn toward the positive material, away from the negative SOCIAL COMPARISON IN BULIMIA NERVOSA material, or a combination of both. Thus, it is also conceivable that the comparison bias described here (toward the positively evaluated information) could be a result of weight phobia (i.e., away from negatively evaluated information), which is characteristic for anorexia nervosa and has sometimes been described for healthy individuals with eating disorder symptoms (34 -36) .
Finally, unlike previous studies, we did not explicitly instruct participants to compare themselves with the comparison bodies but inferred comparison processes from visual attention allocation, thereby avoiding demand characteristics. Although the stimuli strongly prompted social comparisons and the Physical Appearance Comparison Scale scores testified a habitual tendency of patients with BN to do so, we cannot be entirely sure whether social comparison took place during picture viewing or whether other processes occurred which brought about changes in body dissatisfaction during picture viewing. Future studies comparing the viewing of body pictures under natural, uninstructed conditions and after applying an unobtrusive social comparison instruction (8) could clarify this issue. Future studies should also assess chronicity and duration of BN and relate this information to social comparison strategies.
With these limitations in mind, the following conclusions can be drawn. The tendency of individuals with BN to engage in disadvantageous social comparisons might be related to body dissatisfaction and is therefore a candidate maintenance factor. Psychotherapeutical interventions aiming at an amelioration of body dissatisfaction should therefore target more explicitly dysfunctional social comparison processes.
